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Abstra（∋t  

Anexperimentwascollduc毎dwithyounどplanもsof2ecotypesofcucumber（C乙‘C比m£gぶd血びβエ．），  
i．臥th¢Spmmerandthespringcultivar，andfigl飽fg・Ourd（仇c昆「わ孟£αカc的g£α月0乙ムC磁）in ord8rtO  

know汰ee打ectofrooもとemperatui・eOnthemeぬbolismofphosphorus（p）iTlplanもswithcontrasting  
toleranceも0lowroott¢mperaもur臥 ConcentrationsogPinthevariotlS P fraetioIIS Ofleaves androots  

weredeもerminedonplantsgrownat12，15，18and23℃root七倍mp¢rtur¢Sfor8days．Loweri咽rOOt  
temp¢raもurecausedもodecJ博aS¢irlもbeconcentratiollSOfもotalPintheleavesandrootsofbothculもivars  

Ofcucumb¢㌻，buもnotofぎigleafgourd．Incucumber，iもwasorllyth¢inorganic壬）thaもdecreas¢dsignト  

ficantlylnreSpOnSetOlowrooもtemperaもureinbothleavesandroots．㌘concentrationsinthevarious  

OrganicPfractions werelessaffecもedin bothplantparもsof al13crops・Ratb8r，Org・anic Pin the  
I・00もS tendedもoincreasetowardslowerrooもtemperatures．ConcentratioIIS Oflipid－P and PNA－p aも  

lower rootもemperatures w8re Sl卯iざまeaIltly higherin fig・l組f gourd rooもs thanirlCuClユmber roots．  

Theresultsand抽eirimplicationsarediscussed．  

ll11、Ituducti（＝l  

Reductまoninrooもtemperatureretardsplantgrowもband班euもilizaもionofpby抽8plants（3，5，14）．  
Causalrelationshipsbetweenthed8Cr組Seinpconcenもrationsinplantsandもhesuppressionofgr？Wもh  
bav¢beenasubjectofsLudyfor decades rrom both theoreticaland pracもicalviewpoints．Effect of P  

additiontotherootingmediumtoimprovegrowthatlowroottempera七tlrehasbeenstudiedbymany  
invesもigators，buもtbe results obtained are not consistenも（10，12，19）．Horieもal．（10）poinも¢d out  
もhattheimprovedgrowもhbyPadditionreporもedinl血raもurewasattributabl¢も0蝕elowl即elofpin  
thesoilusedきandsugg¢Stedtbattbeiowroottemperatur¢¢ⅩertSitsefreeton planもgrowtbprimarily  
throug加mechanismsindependento仁P丑山ritioninplanもs．   

Ontbeotherhand，Chapin（4）foundanegativecorrelationtoexisもbeもwe8nthesoilもemperatureof  
the babitat or抽e plants arld the ra紬at which til¢y a′bsorb P atlolV rOOt tempera紬re．As sbown  

previously（ユ7），low工℃d＝廠mperaturesuppressedtheabsorptionofPmoregrea七1yinc11Cumberthan  
infigleafgourd．ダigleargourdiswidelyusedasroot－StOCksofcucumberforwinも群CrOpS，Sinceithas  

big九倍㌻とoierancetolowrootもemperatur¢（rooもーChiilingもoierance）抽ancucumber（9，15）．Wheけほrthe  

deg・reeOfrooもーChillingtoieranceortheseplanもsisdeterminedbythePnutritionofth¢planもSislぽ‖o  
be（）1ucidaもed．   

Pis presentwitbin theplantinth8forms ofimorganicarld various organic compolユnds，and they  

plaさrimportant rolesin over－aliplant metabolisms．Therefore，it seems wor抜whiIe to know the  

e汀ectofroott¢mperatureOnthepm8tabolisminがantswithcontrastingroot－Chillingtolerance．Th¢  

problemilaSb8enStudiedliもtletodaもe．   

The presenもpaper pr¢SentS the results on tbe¢rfect of root t¢mperatt汀e On tbe concentration or  

VariotlS Pcompoundsinもhel¢aVeSand roots orclユCumberecotyp¢S，払¢Summer and the sprlng eul－  

tivar，andrigleafgourd，theroく）t－Chillingtoleraneeofwbichincreasesintheorderd¢Seribed（15）．   
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Materials乱nd Methods  

Youngplanもsoダcucumber，抽esumm¢rCulもivar‘Suy6’and沈esprlngOn¢‘Kurume－OChiaiH，，and  

fig18afgourdwereplantedinathirdsもrengthIloaglarldNo．1solutioninagrowtbroom．Conditions  

Ofair七emperaもureandlightw¢rethesameasdescribedpI・即iously（15）．でhey were grown at20℃  

SOlution（＝rOOt）temp¢raturefor2ぬys，and tbereafteraも12，15，18，and23℃for8days．A托訂－  

Wards，leafbladesandrootsweresampled，freeze－driedandanalyzedforvariousPcompounds．  

Planもtissue（200mgdrywも）  

homog・8niz¢in15m15％TCA  

Stand aも4℃for2h  

eenもrirug¢at4000rpm  

WaSbpellet3Ⅹwiもh3m15％TCA  

⊥r   
r（∋Sidue   

wash2Ⅹwith3mleold EtOH  

Supel’nataIlt く  

FraetionI：nCid－SOluble－P  

（＝inorganicP＋sol．organicP）  

†  
Superrla七色nも  

residue  

extract2Ⅹwith5mlEtOH：Eもh¢r  

Chorororm（2：2：1）at50℃forlh  

wash once with4mlcold eth母r  

SupCrnatantl＜  

FractionJl：1ipid－P  

residue  

extractwitb6m王0．5N KOH at37℃  

どor17h  

addO．5m16N HCIandO．8m170％  

1iClOI  

Stllnd Ellicc－COld．thcLn CCntrifuge  

WaShpelletoncewiもh5mlO．5N  

HCIO。aも4℃ 十1  
1・eSidし1e  

extract＼Vith5mlO．5Nl1ClO．for  

15min aも100℃  

Supernatant  

FractionⅢ：RNA－P  

Supernatant・  

FractionⅣ：DNA－P  

residlユe  

yraction V：prOteim－P  

Fig．］．Mcthods of P fmctioIl壬Ition．   



E鮎cもOr Root Temper汲もure oriP Concentratio】1S   

でhem8thod oどpfraeもknationisamodificaもkn or that deseribed by Hog・ue¢t al．（8）and sum－  
marizedinyig・1－InorganicPandtotalPofthevariousfracもionsweredet¢rminedbytheprocedure  
OrBarもl¢tt（1）・Ana悠quotoffracもionIwasusedforthedeterminationofinorganicP，and抽erest  
WaS digestedin HNOa岬HCiO。tO determine totalacid soluble P，the difference（totalacid solubleP  

inorganicp）represやntedtheacidsoiubleorganicp．All抽eotheI・fraeもionswereaciかdigesteddまrectly，  
andd¢terminedforpconcentraもion凱 でotalPinthetissueswasseparatelyd¢terminedbythevamado－  
molybdophosphoricy¢1loweolormethod．  

1モes111l、S  

Asshow王1iny主g．2，COne¢ntraもionsofi：OtalPin抽eleaves oどboth cuiもivars ofeucumberdecreased  

almostlinearlyもowards軌elow¢St rOOtもemperaもure．Sharp decrease was obsel・Ved be七ween18and  

150Cin‘Suy∂’．Ontheotherha11d，thosein沈erootsdecr組Sedsignificantlyonlyaも120c．Incontrasいn  
figleaどgourd，tOtalPvariedonlyslightlywithchan酢Sinrooもtemp¢raもureinbothleavesandroots．  
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Rooも もemperaもure（℃）  

Fig．2．ConcentLIl；1LionsortolalJ）int．hcIcilVCSnn（1l・OOtSOrCuCuIllbcrc＼・．  

‘Kurume－OChiaiIi’（⑳）and‘Suy6，（○）andrig18afgourd（息）grownatdigfer紺t  

roottemperatures．  

Fig13sho、VSlhecく）nCCntr；1tionsorl－ininol・gLlnicnn（l＼・llriotlSOrgtlniel）fr；1etiく）nSinthcleEIVeS．rrhc  

majoI・l）OI・tionort】lCloLn11）“・nSrOundiIlthcinol甘I11icforminと1113erol）S．irrcspectiveor rooltem－  

peratur臥Itshould benotedthaもtheconc¢ntrationofPvaried approximatelylnpara11¢1withもhose  

OfもotalP・Pconc¢ntraもionsintbevariousorgallie P fraeもions were found to be relaもively constanも  

OVertheentirerangeofroottcmperature，eXCeptthatlipidwPincucumberleavesdecreasedgradually  
as tll¢rOOtもempera紬re waslowered．Fromもhese resultsiもcan be concluded that r¢ducもionin th¢  

amountorもotalPinleavesandrooもSOflowerrootもemperaもuresisprimarilyascribablotothereduc－  

もionintheinorganicP．   

PconcentraもionsinthevariousPfractionso£rootsareshowninダig．4．Incommo11Withleaves，  

itwastheinorganicformofPthaもdecreased almosもinparallelwithtotalP．Onthe oもh¢王t hand，P  

COne¢ntraもionsintheorga】－iepぎrac七ionsg・¢nOraliyten繭dtoincreaeもowardslowerroottemp¢raもures，  

Withseveralexceptions・However，theincrease oflipid－COnCentrations was not great as compared   
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withthatfoundinth¢preViousexperilnent（16）．ConcenもratまonsofacidsolubleorganicPまnfiglear  

gourdrooもsw8relowertharl汰oseincuctェmberrooもs，regardlessorrootとelⅥpOratur飢   

A veryirltereStingdifference between cucumber and figieaf gourd roots was observedin RNAdP．  
Theconccnt叉・ationwashigherat12－15OC thanat18－23Ocinfigleafgourdroots，Whileinbothcu王tivars  

ofcucumberitturnedもobecomelowerat12℃thanat14℃．Asaresulも，theconcentraionat12℃was  

higherinthethefollmerCOrprOOt凱 ConcentratiorlSOfDNA－Pandprotein－Pwerenotaffectedbyroot  

temperattireinallcrops，ranglngrrOm O，15も00．22，0．07toO．10inieaves andO．28と00．35，0．20toO，32  

inroo吼respecもively．  
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嵐00t も¢mperaもure（℃）  

Fig．3，Pconcenもratio王1Sinvariouspcompoundsinもheleavesof机ICumbercv．  

‘KurumかOChiaiH’（⑳）andlSuy6，（0）andrigioafgourd（底）grownat  

dirどerentrootもell叩eraもures．  

Fig∴5showsぬepercentagecompositionofPin variolユSP fractionsin血¢i¢aVeS and roolこS．As a  

rule，inorg・anicPcollS出ued approximaもely60to70％ og汰eもotalp comcentrations at23℃im bo血  

1eaves and rooもsin al13corps・Evidently，㌻¢ductionin rootもemp¢王、ature CauSed predominantlyもo  

d肛reaSetl－eperCenta嘗eSOfinorganicpincucumber，in抽at‘Suy6’was moregr飽tly ar∫ectedもhaれ  

IKurume－OChiaiⅣ・Figまeafgourdwaslittleinf呈uencedbyrooもtemperatureinthisr¢SpeCt．  

1）iscl】SSil川  

G錯erally，WllenもheabsorptiollOrPisreduced，班eleveloぎinorganicPd8CreaSeSanもecedentlyto  

tllelevelso＝Phvariousorganicprractions（8，13，21）．Inもhepresenもsもudyth¢reduetionoftotal㌘  

incueumberplan毛satlowrooもtemperatur¢WaSmainiydu¢tO七重IatOfil10rganicP．でhismayindicaも  

eth孔ttheeha′ngeinthePeomposiもion（Fig．5）iscausedbyinhibiもまonofPuptakebylowrooとtempe－   



Erfect or RooもTemperaturo on P Concentrations  
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Rooも もe汀1per8もure （－C）  

Fig・．4．pconcenもrationsinvariouspcompoundsintherootsofcucumbercv．  

‘Kurume－OChiaiIi，（⑳）and胤y6，（○）andfigleafgourd（息）grownat  

Llirrercnt rooltcLnlPelてIturCS．   

raturc，andnotbythe disttlbance ofP metabolism within plants．Decreaseinlipid－P concentrations  

incucumberleavesatlowerrootもemperaturesmayalsoberesultedfrom王）deficiencyinplants（21）．   

Agreatp挽㌻とOfinorganic王）issegregat8dintbevacuole，andservesastorageどuncもion（2），How－  

ev¢㌻，inorぎanicpisalsoasubsとrateofmosもkeybioebem；calreaction．でlleCriticall郡elofinorganic  

pforr10rmalgrowthofplarlもShasnotyeもb88nfullydomonstrated．Wiもhもomaもoplanもs suppliedwiもh  

diデferenもまev¢1sofavailableP，Yasuda＆ぎujita（21）andHogueetal．（8）found抽elev¢lofinorganic  

PinもbeleavestobeaboutO．4～0．5mgg‾〝1dwwhenthegrowthraもewas s唱nificanも1y r¢duced．Ac－  

COrdingも0つ1adano＆Tallaka（18），もomaもoisverys紺Sitiveto P8eficiencyin the soil．Th¢1evelof  

inorganic王）in clエCumb¢rleaves aも120c，Where planもgrowぬwas s郡ereiy restricもeれwas about5  

tilⅥeS higher沌antheleveldescrまbedabovo（yig．2）．Ⅰもseemsreasonable，もherefore，tOeOnClud¢that  

thやloweredl即eiofinorganicPinth¢leavesisnotacauseoぎresもricもed growth of cucumber plants  

atlowrooも七emperature．   

Whenplantsareeneotlnも即edastresscoれditまonもhatwouidinbibitpup紬ke by tlle plants，decr組Se  

i＝thcLe（”eCI山・山ion orinoll糾nicl）docs T101ncec・SStlrillrI）rぐeC（lcthヱItOfoI・g：川icl）．＼＼′ilson＆11urrnlく汀  

（20）foundまnsubもe汀aneanClover軌atth¢COnC¢nもrationofmostphosphorylaもedcompoundsinplanもs  

un（1cLllIllOisl11rLlt；11・L）SS（lcLCl・CilSe（holess tllこ川hillr or tll；11rot・cO11trOII）1nnts．’l’11e eOnt：Cnlriltion ofin，  

Organicpwasnoもa批cもed．Å1so，Korovin（1りobservedtbaもloweringtherooもtemperatlユreCauS¢dもO  

SuppreSSPincorporatioriintoorganiccompoundsmarkediy．primarilyintonucleotides，inbothleaves   



6   ShojiでAC王一il迫ANA  

Cuc unlbe r  Cuollmbel・  

椚．Kurumo－00lliaiⅢ  ¢Vt Suy谷  
ダigle8圭一 gour｛l  

0
 
 
0
 
 
 
 
6
 

1
 
 

ら
一
軍
盲
崩
 
し
盲
＋
 
■
誤
 
 

12 15 18 23  12 15 18 23   

Root もemper払い1＝ぐC）  

1215 18 23  

Fig・5・Perc¢nt乱geCOmpOSitionofPinvariouspcompoundsintlleleaves（upp¢㌻）and  

roots（low¢r）asinfluone¢dbyroottemperature，際；inorganicP，闇；aeidsoluble  
organicP，Ⅲ；1ipは－P，彷；RNA－P，00；DNÅ－p，□；prOtein・p．   

nnd rootsorwl－Cal・＾sn rcsult，inoltgnnic Pin pcrcentor101alP wnsg［・Cfllcr alltCducc（11、00t tem－  

peraもure・Th8reSultsofth¢pr¢S¢ntStudydisagreedⅥriththeresultsofXorovin・Particularlyln th8  

rootS・Pconccnlraionsinmost・OrganicPcompounds王1ugmeI－tC（＝一一rCSPOtlSCtOlo、、rI・OOtteml）emturC・   

parhaps，th¢differ紺CeintemperaturerespomseofRNA－Pconcenもrationsbe紬eencucumberandfig－  

1eafgourdroots，抽oug・hnotlarge，maybaveas噌nificanもphysiologlCalmeanl喝indeもerminlngChilト  

ingtolerance oftheseplant rooもs．Gusもa＆Weiser（6）reportedthat duringcold acclimationRNA  

（mainlyrRNÅ）andsolubleprotdnincreasedintb¢frosもーreSistanもKorean boxwood．Furもbermore，  
inhibitorsofRNAsynthesiswasfoundtoinhibitthedevelopmentoffrosthardinessin Chlorellacells  

（7）・Th¢SereSultsmays噂geSもthattherateofRNAandproteinsynもhesisatlowt¢mperaもureisan  
important factordctcrminingcold hnrdincss orplnnts・Unpublist－Cd dnl上一in ourlflt一0＝llolT Sho、、▼Cd  

抽attheincorporationofphotosynthesized】4Cintosolubleproteinofrootswassもimulatedbylowroot  

t・CmpCrnturCin figlcargc＞urd．but notin cucumbcr・PrcsumElbl）r，riglc＝1fgLOLlll（1I、ootSl・eS7）0】一d tOlo、T  

tcmperaturetoslimulnt・C RN＾synIl－CSis within thc roots，Whieh、、▼illrcsullininerc壬ISCd synlhesis or   



Ef∫ect of Rooと恥m夏）eraもt汀e On P ConcerltI・ations  

pI・Oteinandevenもuallythestimulationofrootgrowthperぶe，（15）．MoredetailedsもudyonRNAsyn－  

thesisintherootsofcucumberarldrigleafgot汀dasa鮎ctedbyrく）Ottemperaureisnowinprog・reSS．  
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摘  要  

キュウリ品種とクロダネカボチャの葉及び椴のりん化合物含有率に及ぼす椴温の影轡  

橘  昌 司  

作物の低椒温耐性と植物体のP栄饗の関係について知るために，低根温耐性を異にするキュウリ2品種（‘四輩，と  

‘久留米落合H型り及びクロダネカボチャを人工気象室で12，15，18，23℃の椒温で8日間培養し，葵と版について  

種々のP化合物の分別定盤を行った。  

クロダネカボチャでは．黎，椴ともに全P含有率は椴温の影響をはとんど受けなかったが，キュウリでは特に輩の  

全P含有率が低椒温によって低下した。分別定蕊の結凰葦，槻ともに蕾 無機態P含有率が他の分蘭の含有率Pに比  

べて高く，かつ全P含有率にはぼ並行して低下することが認められ，低椴温によるP含有率の低下は主として無機憩  

P含有率の低下によっていることが明らかとなった。   

山方，有機態P分蘭では，キュウリの輩の脂翳態Pを除いて，葉，椴のいずれにおいても低根温によって含有率の  

低下する分蘭は3作ともになかった。むしろ，般においては有機態Pの各分画ともに底板塩によってP含有率の増大  

する傾向がみられた。このなかで，RNA態Pの含有率は，キュウリでは12℃で低下したのに対して，クロダネカボ  

チャでは12℃まで増大を続け，ま2～15℃でキュウリより高い憤となった。   

これらの采凝結果から，低根温によるP含有率の低下は直接的には生爾抑制の原図ではないこと，及び低取組下で  

の根のRNA合成能が作物の低椴温耐性になんらかの関係を有することなどが示唆された。   


